Background: This study aimed to determine the volumetric size of the maxillary sinus and investigate the effect of gender and age on maxillary sinus volume (MSV) using cone-beam computed tomography (CBCT) images in a Turkish subpopulation.
INTRODUCTION
The maxillary sinuses are a pair of pyramid-shaped cavities which are covered with epithelium, filled with air and can be in various shapes and sizes. They are located in the maxillary bones just below the orbit. The floor of the sinus is composed of the alveolar process and its apex extends laterally towards and occasionally into the zygomatic bone [20] .
The anatomy and the possible variations of the paranasal sinuses should be comprehensively known to successfully treat sinonasal disorders and to prevent complications in head and neck surgery [9] .
The maxillary sinus, which is classified within the paranasal sinuses, is used for post mortem identification in forensic medicine because it can remain intact even in incinerated victims [20] . Besides, the maxillary sinus, having the highest volume of the paranasal sinuses, is significant in the field of dentistry because of its anatomical position with clinical dentistry [25] . It begins to develop in the 10th week of intrauterine development and reaches a volume of 6-8 cm 3 which is filled with fluid upon birth [19] . The maxillary sinus has two postnatal periods at which it grows rapidly; the first period is between the ages of 0-3 and the second between 7-12. It continues to develop slowly from age 12 until it becomes fully mature [22, 4] .
The maxillary sinus reaches its adult size after permanent dentition around ages 18-20; the average maxillary sinus volume (MSV) in adults is observed to be 15 cm 3 [19, 3, 6] .
The pneumatization of the maxillary sinus is the extension of the sinus towards the alveolar process. During development, pneumatization is a physiological occurrence in which the sinus increases in volume and fills with air. The disappearance of teeth roots and resorption of the alveolar crest after dental extraction, especially from the maxillary posterior area, is a significant factor that affects pneumatization [7, 31] . The shape and size of the maxillary sinus are known to be affected by factors such as genetics, the environment, and infections [16] . The maxillary sinus can be affected by a maxillary teeth-induced infection while pathology in the maxillary sinus may also affect the teeth. Simple tooth extraction or implant treatment may result in a complication that can affect all craniofacial structures. As a result, a good understanding and anatomical evaluation of the region is crucial [24] .
Moreover, morphometric knowledge about the maxillary sinus is essential for an otolaryngologist and neurosurgeon to choose the most suitable surgical procedure and prevent damage to the craniomaxillofacial structures; this morphometric study was conducted for this purpose. In the literature; panoramic radiograph, lateral cephalometry, computed tomography (CT), cone-beam computed tomography (CBCT), magnetic resonance imaging were used to measure MSV. The literature shows that a limited number of studies were done on assessing MSV with CBCT [2] . In this study, we use CBCT to bilaterally determine MSV and how it could vary with age and gender.
MATERIALS AND METHODS

Patient selection
This study included the use of CBCT images of patients referred for various reasons to the University, Faculty of Dentistry, Department of Oral and Maxillofacial Radiology between 2013 and 2019. This study was approved by the Ethics Committee of Faculty of Dentistry. Three thousand CBCT images in the radiology archive were examined retrospectively.
The CBCT images were examined for various reasons without considering age; of the images examined, the ones that displayed sufficient diagnostic qualities were included in our study.
The exclusion criteria of our study are; exhibition of any missing tooth in the upper or lower jaw (except the third molar teeth), pathology in the maxillofacial region, bone disease, artifact images with poor diagnostic quality, maxillary sinus or graft surgery, maxillary sinus pathology, skeletal asymmetries, craniofacial traumas and developmental anomalies such as palatal cleft.
The original sample size of 133 subjects was determined by a powerful software with the assumption of a maxillary sinus volume of 16.74 ± 5.28 cm 3 based on a previous study [30] , and the power being 90% and the 2-sided alpha 0.05. The estimated sample size was 65 subjects; however, considering the possible loss to follow-up, 133 subjects were decided to be recruited for sample size.
This retrospective volumetric CBCT study was carried out on 133 individuals (84 females, 49 males) between ages 8 and 51. All right and left MSVs of the individuals were calculated separately (a total of 266 MSVs were recorded by the same observer).
Imaging and screening procedures
All The borders of the maxillary sinuses were determined afterward. The maxillary sinuses were cropped along the following borders: around the bone structure and the narrowest space of the ostium between the processus uncinatus and infundibulum. After this, three-dimensional models of the sinuses were created and the volumes of the right and left sinuses were calculated separately by giving different colors to the sinuses of the same patient ( Figure 1 ) [21] .
Statistical analysis
All statistical analyses were performed using the SPSS 21.0 (SPSS, Chicago, IL, USA) software. The measurements were repeated by the same observer at a one-month interval. The Wilcoxon matched-pairs signed-rank test was used for the repeated measurements to investigate the reliability of the observer. Mean and standard deviations of both maxillary sinus measurements were calculated and compared with gender and age. The conformity of the parameters to normal distribution was analyzed using the Kolmogorov-Smirnov test.
Since the distribution of the variables did not conform to the normal distribution, nonparametric tests were applied. Wilcoxon signed sequence, Kruskal-Wallis and Mann-Whitney U tests were used alongside the Spearman correlation analysis to compare the measurements. P values <0.05 were considered to indicate statistical significance.
RESULTS
Our study was conducted on 133 individuals (84 females, 49 males). The mean age of all individuals was 18 ± 6.1 years [for women 19 ± 6.3, for men 17 ± 5.6 years (no notable age difference was found between the two genders)]. Since there was no significant difference observed between the first and subsequent measurements, the first measurements were used in the data analysis (p>0.05).
The mean MSV of all the individuals was found to be 13.173 ± 4.187 cm 3 for the right sinus and 13.194 ± 4.626 cm 3 for the left. There was no significant difference between right and left MSVs (p>0.05) ( Table 1) . 
DISCUSSION
In addition to displaying anatomical proximity to dental structures and having the largest volume among the paranasal sinuses, the maxillary sinus is of great importance because of its contribution to the development of facial morphology and its susceptibility to infections [13] . Also, it is important in forensic medicine. In this study, bilateral MSVs of male and female individuals of varying ages were calculated and differences between the individuals were examined bilaterally.
To date, different methods have been used for evaluating pneumatization in paranasal sinuses and different results may be based on this [2] . It is emphasized that the segmentation method, which is more diagnostic than the linear measurement based on geometric method, is the most accurate and reliable in terms of measuring sinus volume. The maxillary sinus has no uniform boundary and these linear measurements may be different from the reality [2] .
Additionally, injectable materials can be used for measuring sinus volume, but this cannot be performed in in vivo conditions and the procedure is difficult [2] . Anatomical measurements that are made on cadavers will result in misleading and inaccurate outcomes due to the considerable soft tissue loss [2] . In this study, 3D segmentation was performed with MIMICS software on the CBCT images of 133 individuals to measure the volume of maxillary sinuses bilaterally. It was reported that MIMICS measurements highly correlated with the actual organ volumes [28] .
The reports related the relationship between age and MSV are controversial. While some researchers kept the age range to a wide extent such as 16-79 [23] or 0 -80 [14] , some limited it to under [11] or over [8] 18 years of age. CBCT archives of individuals conforming with the inclusion criteria mentioned for this study were examined and age parameters were kept at a range of 8-51 years. In our study, the mean age of 133 subjects, 84 of whom were female and 49 were male, were examined as 18 ± 6.1 years. Different results may be related to the different age distributions of the samples.
As a result of research conducted on people of varying races and geographies, it was observed that these different factors can alternate MSV values. The right and left MSV values of the same individual can also be significantly different from each other. In a study conducted on the CT images of individuals of Japanese background, the mean of the MSV was found to be higher than in other races (the mean of the right MSV: 23.6 cm 3 , the mean of the left MSV: 20.9 cm 3 ). This result was associated with the difference in the height-weight ratio of this ethnicity and the differences in the method used in volume measurement [17] . In a study conducted on European and Zulu cadavers that were separated according to their race and gender, it was observed that the mean MSVs of the two races were significantly different from each other statistically (for the European race: the mean of the right MSV: 16.39 cm 3 , the mean of the left MSV: 16.42 cm 3 ; for the Zulu race: the mean of the right MSV: 11.13 cm 3 , the mean of the left MSV: 10.99 cm 3 ) [12] .
In the literature, although most studies found no statistically significant differences between the left and right MSV values of the same individual [27, 5] , this was not the case for studies conducted on the images of individuals who had nasal septal deviation [23] . In this study, the mean of the right MSV was calculated to be 13.173 ± 4.187 cm 3 and the mean of the left MSV was 13.194 ± 4.626 cm 3 . Consistent with the literature, no significant difference was found between them. The potential different dentition status of the individuals on the right and left side should also be considered. The patients with missing teeth (except third molars) were excluded. Kalabalik and Tarim Ertas [15] examined the CBCT images of 252 patients, all of whom were missing maxillary premolar and molar teeth, between the ages of 12-85; an increase in MSV with missing teeth was observed, especially in patients over 61.
Some studies in the literature found differences in MSV values between genders and it was stated that MSV values of male commonly higher [14, 8, 10] , hence concluded that this result can be used in gender verification in cadavers [1] ; however, other studies found no differences associated with gender [5, 26, 29] . In our study, the mean of the MSV was calculated as 14.311 ± 5.057 cm 3 in males and 12.526 ± 3.628 cm 3 in females, which meant that no statistically significant difference was found between them. The variation in the results can be due to differences in female-male distribution, race, and methods used in MSV measurement.
In the literature, many studies are investigating the relationship between age and volume. Emirzeoglu and Sahin [10] on their study was done based on 77 patients over the age of 18, a negative correlation between age and volume was observed. Ariji and Kuroki [5] investigated the relationship between age and sinus volume based on 115 CT images of patients; the results showed an increase in MSV until the age of 20, and a gradual decline thereafter. Karakas and Kavakli [16] researched mastoid cell pneumatization and paranasal sinus volumes in relation to age based on the CT images of 91 patients between the ages of 5-55; the observations showed a significant increase in volume with age. Kalabalik 
and Tarim
Ertas [15] examined the CBCT images of 252 patients, all of whom were missing maxillary premolar and molar teeth, between the ages of 12-85 in their study; an increase in MSV with missing teeth was observed, especially in patients over 61. The results of the present study showed no significant correlation between MSV and age. The individuals included in this study did not exhibit a proportionate distribution for age, and missing teeth is one of the exclusion criteria; for this reason, varying results can be observed in comparison to other studies. Our study showed similar findings to Sahlstrand-Johnson and Jannert [27] who investigated maxillary and frontal sinus volumes in relation to age and gender using the CT images of 60 patients over the age of 18, no correlation was observed. Besides, a study that analyzed the relationship between paranasal sinus volume and age in 60 patients ranging from ages 18-63 showed no significant correlation [18] . Different results may be related to the different age distributions of the samples and dentition status of the individuals. The alteration in adult maxillary sinus volume with aging may be related to the loss of maxillary posterior teeth.
Conclusions
This study found no notable correlation between age/gender and right/left MSVs in a Turkish subpopulation. The MSV values acquired from this study may be used to evaluate and plan surgical procedures concerning the maxillary sinus region, as well as being a reference to radiologists, orthodontists, oral/maxillofacial surgeons and otolaryngologists in future research. Because MSV does not vary with age and gender, it can't be useful in forensic medicine and tooth loss may be an effective factor on MSV.
